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<54) (ffno^M GaNJft¥9(t:9B%»7 



(57) ims] 

«:6iiea»A©±ffiS:'<-:xffiiiU »'<-:^ffi±»c, 
G a N5S^*m*^6.'tt«'ft^- h d 1 A^UtmS 

n. $e>icGaN*)fmA^e>*-6iKas (^-vyr^s) 

<Dm\ (d K Bl) ~ (d5, B5) (D«fce>{C2ia 
RhSlSSnxfeSGaN^ro^afi^-Ky N«BS. 




I ttJISV 



i pBCC 

T nHB 

BI-BS fUW+tTr* 
6t-it «lte*fK*t' 



1 

1 1 Tia ( i ) (DG a N j&g) »Ml:^ K:V_b 

(i) GaNi^*^e,<i:*i^a».lAi©±iife'<- 

(B) >«iiEl:?>*rKfert^^^ 

(B) cD±ii&«rfe»C'<-:^®i:1-6iftyjgLO lO 

(B) «w^i:*«yjg3*u ^nicioTiKaS 
' (A) ±Jcii, |Kii2L!i^aSXB)_fcM^.S_ 

V^T, «-SO*'*®S?-K-y (B) 20 

<DMm:^l^^^^X\mthtU igSli (B) 

nm^h^SOnm, 0. 5 nmgw^2 0 0 nm, 1 
06 c p g 1 0 13 c m-2 X'&i>n^ 1 
GaN«2N»(|:IS)yK^. 

[8t#«3] ±I3GaN*©#aj|^K»y hffiSSlCfe 
(A) A^^lCDfi^^i'^^KMT'&y, 
CLhS<7>ISfil (B) (D±{CSe>lC«20!>e^a>^9 
V K»)WaW6nT^^4fll#«l8B«a)G a N^^im* 30 

mm-. 

V^T, hKffiV^&n«G a N*«m«: K 

«G a N^^Sr/^-xtmi: J:4>i: bT, Ky h$m 
il'<-:^*mi:3!>«TIB Oi) <7)tt^«^S:«fetia« 

«lffi«cr)GaN^Jm»ft«)fag^. 40 

(ii) ^-Xffi(iD^ffi1^5:S5^k^5-1tSJ:^)a;^ffi«]ia 

[000 1] 
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[00021" 

^f^:4— K (LED) if^^nr:^(Dim^\Z.W6iM 

1 0 0 0 3 1 G a ti^^t^/mf<Dtjii)^-C%. <ife~tfi 

*v4*.Oi:LT, »JtS IClnGaN©*^ 
#^JI*fflV^fe%®*l%«. I n G a N feffiV ^T*?# 

-?• h> h KiStfettRS: InGaNg)g :dF-^^g$:. 

[0 0 04] InGaN*f#Fji«*><D*^-K'5»h««: 

gp&li, I n G a N e(|:ODffiaiC J: oTS^tC^ftfS 
t>©T*fe«. «t&, GaAs^©*mT*ti, K«y h*^ 

im^tiX\^&, ZtlioKMbX. jtt^ GaN*^ 

oT> S0Kaio«fctcz:tii:»f«^®A»!&G 

3^i:*^e)*^i:*ofe (AppI,Phys.Lett.69(1996)4096 
) . z:CDa^K«yh?^^^*-XAJj, ItriBInG 
a N-^, G a A s JftfCfeltiM^- hOJg*4:tt^<:. 

[0 0 0 5] 

imii^mkVi:'^tiri>m:i ±iaoJ:e)»C, GaN 
Mv^■rGaN^«3t^^$:«te!^■t^)t^?>^C^i. Jl 

[0 0 0 6] *56Woateti, ISSm^mU Ca 

J: *}mmtG a N*«3«R^S:Jg«t4ii:Kfe6. 
[0007] 

[SiS^^yitifeftW^IM ^m(r>G a N*i|^» 

(1) TIB (i) ©GaN*0#M*^K»y h«rj§«:. 
^icfifesffl54)-i: UT«-ts:ii: S:mi:t*G a 



(3) 
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(i) GaN3wm*>6ft«isfie (A) <o±m^^- 

tr^Sl (B) (©j^«i:*«i»Jiga*i. znfci ^TiK 
&ff (A) ±(C)i, ftT-K'^/hiitS&li (B) 

t^ii^m<Dmi3i^rf^tim«^tMm (b) 
G a N*o#Mi^ hmm. 

[0 0 0 8] (2) JJBG a N^C!>#fiJI^ K^y h«f]i 
(B) 0SJ?:*ifl«cov^Ttt«Shi:U (b) 

0. Snm^h^SOnnu 0. Snm^w^ZOOn 
m, 1 06 cm-2^p^l Ol3cm-2. -ea&iJJB 20 

( 1 ) mfl>G a mmi^mmT: 

[0 0 0 9] (3) JJBGaN*©#fiJI^F'5'h«5t 

cfewsiigai (A) mi<DfBmm<D!^9v\^MX'& 
fi±s®iKffi)i (B) ®±»c3e>»c^2©^^0 

[0 0 10] (4 ) ±130 a N*©#««^ K^V 
CfeV%T, #I9©S^ K>V ^^CffiV^e>n■&G a N^tm 

a»K:«v^e>*v*GaN*tms. JSiiT i'<^-;^.*mj 30 
tif^rm (ii) mm^mt:i-mmc3b*), -eo 

*^K*>'hi:bT^Ufet.OT-ife*±gB (1) I2«0 
GaN*i|i#«:|6)yg7-. 

[0011] (ii) ^-xm<^>^mmii:^t^-^i> * 

[0 0 12] 

^S±8B (i) (DGaN^(i!>#Sft^K>yh«r^l:«^ 

tS^-eoS^- K^v Mi, G a N9f!!*m*^e>Ja:«.i|igS^ 

o±ffi (BP*., ±gE (i) izn\,-)i>^-:xm ±IC, _G 
feeu '^-^^tmi: ±12 (ii) ®B8 



X^ti>mx&i>. W*>, *lCGaN*a*f-e*5 

[0 0 13] ^icGaN*tm-e&«'<-x«f4i: Ky 

fev>T» <^ifem^/<-xBf±tcnffi j; Lxx\itt< 
l^^M ^bx^&^^i>£Mc\i y<-7M\zry 

•9— 7 r i' * > hCJl^^t J:4 G a N^SS^if®^ 
^tCioT, Kyh^fsHt. Ga Nj^»ve><fc&^-„ 

"ToTi'^j ±feoi'-S»a^-'<-v^^ 

flJ^BSfc L/T G a N^:^35>6ft Sife^ ' (B ) ij*^ 

"Tb) tCWffi^S:, ±ia (i) Oi-JfCfiKfi&itftyjS 
bT^StcStSU t)a5»ctt;5:V>GaN*©#M*^-K 

[00 15] 

^io-m^tJmmxh-DXs ijira®fc«)K:«#«i« 

JtOLED&HilbT^UTV^S. HHOLEDti. I£ 

SS«l±fC, GaN^tm*^e>'a:€.i|g^S:)li!^^ 
S-ttTi«*M*i, #fi®ft^-K«5/M«ilt3&^tl«t)i(* 

K»T««bfet><i!)7»*4. #a<D«^K-5; h«Ji3 
li, 5®C!)«^3g&«Ia^LTV^S. M2tinS!3>* S 
M. S5Jipa3>*;7hfi, M4ttpSi'5y KMT- 
ifc*. IfHCDWTli, KyhflBi3IC 

fcv^TSt^JO'<-XiS?:il«■tSii!S^A^i, lllfBpS 

[0 0 16] miomi:im&^M (pM. nSD © 

i&m (^yr>(71^^m iim^xisv. M2©± 



(4) 

5 

m-tiis^K^> v/n§s.<o±rsm, «ffieiB»cov> 

[0 0 17] ^U|?Ji;yJi«^ti, ..G*N9^A^j> 
irHlO09lCoV%TJ:y»U<SiWtSi:, GaN* 

[0 0 18] Se)IC, ±|B^r^y:^SB l<D±tSI:«rfe 
tC^-J^Bi: l/TStffi-7- K'y h d 2 S:J^U 

A« (d 1, B 1) ~ (d 5, B 5) ilUT. 5a*T-« 

[0 0 19] *«^T•v^e)#afi^ K^v hmmi. 

MMf- F-y h«eiT-fe€.. F'f h«BaS:« 

#Sft^Fyh«BifCJ:«B«l®»)t0;i;ij-X 

[0 0 2 0] 0 1 (D0!iT?i±, &rM(jyf^^Af)^m i © 

(nS) <0{^7V\^MtbXimhXi5*). mi 

fC«2<35€a^ (piD 0^'5'yFM4*me>nTV^ 
SAlinaX-fey, MB l*>fcMB 5*-Z?(D=&®l± 
ry F-yMT♦feoTS5V^nS!i:<i5oTV^S. 
[0 0 21] 02 (a) amXi-L STM®iKaiA 
(±, fi-7-Fy h d 1 $:<}: i}:k^fj:Ay F=¥-v -y 

fil^•F'y^«Bi3S:±T*^e)«»ii^Tv^*. ma*^ 
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[0 0 2 2] 02 (b) <mit, #a*^Fyh«B63 
(DrtfflJlcffli'^'y FSA^^tnsfi^-e&o-C, ftTMO 

i^&MAi)^nmif 5 y Fs> atawiKasB 3 *«pS! 

^'5yKS^:*oTV^6. SBl, B2ttT>K-:/!l 
[0 0 2 3] #S0S^ F«y MCMV^e>n4 F«y htm 

j*;iig^%jta5i:t6fc*?>T-fe^., F'y 

J£1-*OT'S)*v»i, F¥^ «y :/J±Sv >icli<fc 

[0 0 24] *«WOGaN*«3t074C«^^e>nSG 
aN9^tmi:li. ^Inx Gay Alz N (O^Xg 
1, O^Y^l, O^Z^l, X+Y+Z=1)T'S^ 
^iX^^-^mm^X'3bi>. «:*^T**;GaN, InGa 
N, AlGam£}im^^Ji^<DtLXm\if^iM>. G 
a N5^®#M:^ Fy HSJilcfev%T. ±ia/<> F=¥-v 

- Tii^*t±rf^^ ^tmitA 1 , G^ ji-;OJj: 
U F<y h«5^S:AlxG_a (i-Y)Ji^tS^jl<^ 

^rc^x; q^^_Y^xt4-^)_f^.^AW^^^ 
^00 2 5] F<y h^mtcti, mx.\i, msm^psi^ 

^■ti>ztrji}£i:StfytbX. S i JStif©^^?: F- 

[0 0 2 6] /^-xm F^yh*m> =y^-y^ 
tfleKDe)t>®lRJ;©t)Olcti. 36>{C, B, As, P 

j!)^e>ai3:n4 iah©7ass:^«a-e:"^:t'iv^. 

[0 0 2 7] ffl'*®»?F'yK'W^ti. *j|spf>iai4* 

[0 0 2 8] Z.<DGaN^(D4^SS=f-\^vhWtkllS& 

«>fi^ F^y h^<m^<mMiSo&f£Vmt.ti>:it 
i^mttti, ttz, #«g^F«yh«Bi±ittcov>-c 
Ji. Mm, fi^F«yh©m *m«)«fiWiif»C ®S 
lcgffbS:oltSJ5:if*W*bvxli^i:fj;*. :^mx 
»i, 3ne>i:-7'F'y FmfiRofefeOSa'i^EH, 

[0 0 2 9] ffl'irOfi^-F^y hO:;*:Sati, ft^F^h 

mmici5\^x^yf^\ztmi:^^i>sm(ts^x& 

iiA^fiS-e**. ffl>*(iD*^F-F'yb®*$ati, 

•:fM<DMm:^\^iz-=>^^xoy&f-]fvh<D-^ i^~xm 
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[0 0 3 0] 4^-Kyh©iSah, (gwli, «3tK:«^ 

#«t4i:, z:*\e)tt^^tco. 5nInJ^Xht*S3^:*^ 
»*uv». tit. z:ne>®fbrdtfelcov>T»i, ft^^i 

«OS;^&, iSShttSOnmJetT, «Bwtt200n 
inJ0lT*^*U>. ttoT, 0. 5nmgh^50n 
m, 0. 5nin^wg20 0nnK *^*bV^«SHi;«e 

to 0 3 1] ^m>y<-7M\zmi>iki-Y*j v-^^ 

[0 0 3 2] ffiSp li. S-f-K'V M ^ 1 oA>e>©«)t 

tJ»vvo-e, ifi)ie»*fe#ll:tii;io6 cm-zjgiLtii 

S^-K5» M^±*<^v^^cgSttU^;v^±e»^c 1 oi3 
cm-^&criL-ti>T.t.imt.L\\ ttoT, 106 cm 
-2S p S 1 0 13 c m-^imt LV^«gH^:«:€>. 
[0 0 3 3] ±iaJI^-K«y hOSSh. tlw, SBgp. 

R (fSfe) , G am) . B (»^&) tm>!s>^t>ic. 
[0 0 3 4] #ao{fc»S:SHba-e4t&^<^4b©)?S» 

3**J:e»J&SCfb. 2«iC!>tb»«:iESi:-r6J:e»«:3E 

AWe>*x4. i©«K:s«ba-&s^»tTtt<ic 

<, 2®#{CgWbS-B:5!!fcif, |»^ofcttj»®®«>tt» 
5:llCilL^®#lC|E{b^!-a:SfllQ5i:LTfeJ:V^. # 

?4<)!>jia^icgc<bS:t>fc-e'5«^, K>yh*»*ii=^^'y^ 

tmi:S:^<ilCg5^bS-&T=bJ:<, K-V htmS- 

«tCbT^^«y:/tmet:fS:SMb3-B:4«iif. 

?4;ei-JS:gC^b3*-rt)iv\ 

[0 0 3 5] ±I^tCi«.GaN^©#fia:^-K'y h 
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[0 0 3 6] ^<::ZM&B±^.*^t^j^^^i'J^ 

MOCVD^SKlJtoT, AlGaNilSai±ffi«:^-:^ 
ffii: bTG a N®ft^ K«y h SJ^fifcti^T^nif. 
MOCVD^SrtTf A 1 G a NiBfiSjt^^Sbfeft^ S 

Ga$m. N««4?S:««&U GaN« 

[003 7) ryf-^-yr*f9yVtiiS7.i^thxm 
[0038] 7y±^J..r^3. y h I'Xm ^^tii>. . 

IC, Al G'aNii^Jh»CG aN tSL^*y. hfcUm 
"^x^;i/$/5^>*^»f *<^. Si Ha .r_Si— 

2 He . *feii.i*ie>©sMB.-C g- (tr^-S^ 

[ao-3 9]'M'*<^^''**^ f*®^^'^' *'^''* 

ha)0«®S^v>ii, yyf-'^-yy^^ y Yom^ 

OCVD, MBE«!if#5|S»f6>4x*. 
[0 0 4 0] leS^li. G a N^S*^fi!tfi^lB<fct> 
OT'fetaJJ:<, mtf, (fete5»^e.GaN^a&fifeg 
a-a:«IBJCtR.«SnTV>«, ■»>-77>f7, SiC 
^AW^jtie. ftA^T*), •9-7r-f70Cffi, AB. 

6 H- s i cm m\zcm^y r-irmamt u 

»^WIfillKSfiaS©iSv^«:iB^-rSfe«>©ZnO, MgO 
^A 1 N^©>'<>v7T-JiS:I5H-tfct»<©T-«)oT%A 
<, $ e.JCtiG a N*jiefi©?iKS:^tC«-rs 
tiivv Bi®MT'»±. S58i:«i;'&-9-7r>f7il^^« 

b 1 i: UtfflV^TV^6. 

[004 1] 

nz'mLt^. fzfiu #fi4^K»>/h«ijS3ii, 0T- 

(d K 3 1) ~ (d5. B5) (DbWitLXB-^n 
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mmbtz. mo^^ y ■:fmit±xA i o. i g a 

[0 04 2] [j^^&i l3:=b£9K^SI£fi 

^r^fTS^l aS:MOCVD^firtlCffiiIb, *^ 
Bi^TT* 1 2 0 OlC^T'fliaU VA'Xy^>i''S: 10 
trofe. ■eoftaMS:5 0 0TC*T?WAliS»iil/T 
hU^lf'-n/T^I'^-fA (OTTMA) , NM?4i:bT 
' 7>^-7*:S6U AlN{gja>'1y7r-SlbS:3 0 

[0043] (na3>^fi'hS2<^^ ^ISSKS: 
lOOOTClC^U GaM»4i:LTh'J;tf^;i':W? 
A (TMG) , NmfcUT7>=E-T. KwXiyMS 

[0 0 4 4] C#*fi^-K«yh«jS3®J^^ 20 

(DMACDm ; fifcSaSS: 1 1 o ox: i: u tma> t 

U nSAlGaNSA&O. 5 tinMi^tz, Z.(J> 

[0 0 4 5] (2>SA±S ('<-::^ffi) ©^ffla : )*S 
iaS&l OOOTCflU H2 Jtf:^5:*-V'JTi:L/-t'rh 
5xf^;i/S/5>S:«»&U jiA±iSlci OfJfagJStS-B: 

[00 4 6] <3)l©a««^K'yhdl(W^fiK;TM 30 
G, T>^-7S:fiMi&U ^-7.g±tC G a Ng^ K>y ^ 

¥nin, ♦gwO!Att4 0nm-ca&ofe. '<-:^ 

fi3B»Sfc»;©S^-K«vhG«» PW- 3X109 cm 

[004 7] ®iaB®*-V5»"::'SB lC»g|dt;^;&S 
1 0 0lCi:U TMA, TMG, 7>=E-7?:ft 

iittviie). M^lOnnKD^^-s/yaBlSr^iiS 

[0 0 4 8] <Q2mS&±<m^ : *-V7:?^®<0±®* 

ijftyjg-rii:lci:oT, SA±lc, S^-K-y 

[0 0 4 9] (pSi'5>y KS4<DJ^ ^iKaKfci 
lOOICtU TMA, TMG, 7>*-7, K->'^> 

(CP2Mg) SrW&U p^AlGaN«4S:0. 5 5( 
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ft mJ^Jid-ltfe. 

[0 0 5 0] [pSav^i'hSS©^ ^jyaKS: 

loooicfcu TMG, ry^-r. fe*tJfKwt> 

lxS5S:l/tm^:Sa-&fe. 

[0051] (mffiow^^] 3m«:$£fi*^e>3iy m 
bsmmass. 8oox;T»2 04Mai7x-;waafe<f 

ofe. SiStC, pS3>^^'h®50±»CpS!«ffi6S: 

e)PS®ii&^ h«Bi0-SP«:x<5»f->y|i^U 
ni!3>*i' hJi2<D±lifellffl$-Br, nWmTm 

[0 0 5 2] ZlfflLEDfc, To-1 SJ^f-A^tCV? 
>hU 2 0inA'ecWfeK®iRIS*t?ofei:34. 15 
OmcdTfeofe. 

[OO53]lt)R05 

bfeci timt. mm i l e d sf^ 

gStfe. r(0LEDfCOV>T, |li6Mli:lfe^f-2 0m 
AT'COJfeKCDiRJS&tTofei::!*. TSmcd-efeo 
tz. 
[0054] 

*«WcDGaNSIs«3y8m G aN^^ 

05«g{b^OjlS8JlC<J:oT, <l:yiSSi«S«eGaN*583lfc 
[gnii<Offi^Si^l 

[01] *««<DGaN^^58)tsg^H'J?:a^t»nBa 

jgA, B 1 ~B 5 fC>'N»y^:/i''5:J6b'rVNS. 
[02] #Sfi-f-K^/h«|j§©Ws©filS:a^1"WiffiH'C**> 

[{f9(i[>Btt^] 

1 1^^^ 

2 nS!=i>^'i'hS 

3 K>vh«^ 

dl~d5 ^g-aofi-fK-y h 
B 1 ~B 5 

4 pSi'^yKM 

5 v^ni/99VM 

6 pSS% 

7 n^mS 



(7) 
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